Arabidopsis ZIM is a putative transcription factor containing an atypical GATA-type zinc-ˆnger motif.
Transcription factors regulate gene expression by binding to speciˆc DNA sequences and controlling various components of the transcriptional machinery. Several characteristic domains, such as those involved in DNA binding, transcriptional activation, protein interaction, and ligand binding, are found commonly in transcription factors. Each domain often behaves as a separate module that functions independently. Various types of DNA-binding motifs exist, including the zinc-ˆnger, bHLH, bZIP, and homeodomain structures; 1) however, activation domains do not have any identiˆed consensus sequences. Instead, they have been classiˆed as acidic, glutamine-rich, proline-rich, and serine-and threonine-rich domains on the basis of their overall amino acid composition. Activators rich in acidic amino acids have been identiˆed in GAL4 and GCN4 in yeast, 2, 3) whereas glutamine-and proline-rich activators wereˆrst found in mammalian Sp1 and CTF W NF-I, respectively. 4, 5) Transcriptional activation can be assayed for a particular module structure by fusing it to the DNA-binding domain of GAL4, and using this chimera together with reporter systems in yeast, mammalian, Drosophila, and plant cells. 6) We have identiˆed Arabidopsis ZIM ( Zinc-ˆnger protein expressed in In‰orescence Meristem), a gene that encodes a putative transcription factor with a GATA-type zinc-ˆnger motif in its carboxy terminus. 7) GATA factors wereˆrst identiˆed as proteins that bind to (T W A)GATA(G W A) sequences and are required for the generation of the erythroid lineage. 8, 9) Classical GATA factors in vertebrates and fungi possess a C-X2-C-X17-19-C-X2-C motif. In Arabidopsis, most GATA factors also have 18 amino acid residues between the two cysteine pairs, 10) whereas ZIM has 20. 7) Two ZIM-like proteins (the DDBJ accession numbers, AB119060 and AB119061) that show 44z homology with ZIM also possess the C-X 2 -C-X 20 -C-X 2 -C motif. Although this structural variation might represent diŠerences in the respective DNA sequences recognized, the similarity of the conserved sequence ‰anking the cysteine residues to that of other GATA factors suggests that the C-X2-C-X 20 -C-X 2 -C motif itself binds directly to the DNA. This motif has been seen mostly in plant databases. The N-terminal region of ZIM (amino acids 22-71) is rich in acidic amino acid residues (11 acidic residues out of 50 residues total), indicating that this region is a potential transcriptional activation domain. In addition, a glutamine cluster (4 residues out of 9) is found in the region between residues 121-129, implying that this region is also a putative activation domain.
To test whether ZIM functions as a transcriptional activator, we did a transient assay in cultured tobacco BY-2 cells. The eŠector constructs were prepared by fusing a series of truncated ZIM cDNA constructs to the DNA-binding domain (1-147) of the yeast transcription factor GAL4 (GAL4-DBD). Theˆre‰y luciferase gene ( LUC ), under control of a promoter containing six repeats of the GAL4 binding site (6×UAS), was used as a reporter.
11) Expression of an internal control plasmid carrying the Renilla luciferase gene ( RLUC ) driven by the cauli‰ower mosaic virus (CaMV) 35S promoter was used to normalize transformation e‹ciency. These constructs were introduced simultaneously into cultured tobacco BY-2 cells by bombardment. After overnight incubation at 229 C, LUC and RLUC activities were assayed by measuring the light emission of the reaction (for 10 sec) with the Dual-Luciferase Reporter Assay System (Promega, Madison, WI, USA) using a luminometer (Lumat LB9501, Berthold Technologies, Bad Wildbad, Germany).
12) The LUC activity for full-length ZIM fused to GAL4-DBD was 2-fold higher than that of GAL4-DBD (Fig. 1) . This indicates that ZIM functions as a transcriptional activator. A series of deletion constructs was created by changing sense codons to stop codons by sitedirected mutagenesis. The C-terminal region of ZIM (249-309), which contained the domain rich in acidic amino acid residues, was also used for the assay.
Luciferase activity was still observed in those cells expressing the ZIM protein lacking the glutaminerich region, at a strength 1.5-fold greater than that elicited by the GAL4-DBD construct. The C-terminal region, which was rich in acidic amino acid residues, did not have any transcriptional activation activity. These results suggest that the acidic region in the N-terminus of ZIM is su‹cient for transcriptional activation. Deletion of the glutamine-rich region decreased the transactivation activity, but the eŠect on transcriptional activation was rather limited. Although the glutamine-rich region of ZIM may function as a transcriptional activation domain, two ZIM-like proteins that have a similar modular structure to ZIM do not have four glutamine residues. This implies that this region is not essential for transcriptional regulation by ZIM and ZIM-like proteins with the C-X2-C-X20-C-X2-C motif.
As shown above, the novel GATA factor ZIM can activate transcription, and the transcriptional activation domain is located in the acidic region of the Nterminus of ZIM. However, the activation was not very strong, which raises the possibility that ZIM functions in a complex. GATA-1, a classical GATA factor in vertebrates, interacts with Sp1 and EKLF, and these binding events activate transcription by GATA-1 in a synergistic fashion. 13) ZIM may also require an interacting partner for full-strength transcriptional activation. This possibility is supported by the fact that ZIM has a CCT motif, which is thought to function in protein-protein interaction, 14) and also by the tissue-speciˆc expression of putative target genes of ZIM which were predicted by a microarray analysis in ZIM-overexpressing plants (Shikata et al., in preparation). Identiˆcation of interaction partners and target sequences will be important in revealing the details of transcriptional regulation by ZIM.
